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RESULTS OF FLIGHT TESTS AT SUPERSONIC SPEEDS TO 
DETERMINE THE EFFECT OF BODY NOSE FINENESS 
RATIO ON BODY AND WING DRAG 
By Ellis E, Katz 


SUMMARY 


Flight tests of rocket-powered models at supersonic speeds 
have teen made to determine the effect of nose fineness ratio of 
winged todies on total and component drag at high Mach numbers. 
Wingless models of three nose fineness ratios and winged models of 
two nose fineness ratios were flown through a Mach number range 
up to 1.4. On the winged models, each nose fineness ratio was 
investigated with wings of 4f>° sweepback and also with unswept 
wings . Both wings were untapered and of 2 .7 aspect ratio . Within 
the scope of the tests, the results indicated that, with increasing 
fineness ratio of the nose of a winged body, both the total and 
wing drag increased at Mach numbers near 1.0 but decreased at 
higher Mach numbers. For a body alone, however, increasing the 
nose fineness ratio decreased the body drag. The tests show that 
the values of wing drag derived in the presence of one body may 
prove markedly different from those d_erived from the same wing on 
a body of different shape. 


INTRODUCTION 


Flight tests for the evaluation of wing drag have been performed 
by the Langley Pilotless Aircraft Research Division at its testing 
station at Wallops Island, Va., with rocket-propelled test models at 
supersonic speeds . Drag data were reduced from the deceleration of 
the models through a Mach number range from 1.4. to 1.0. The 
Reynolds number was approximately 5 x 10° based on wing chord. 
Reference 1 presents results which are a part of the investigation. 
The wing drag reduced from these tests, however, is the incremental 
drag resulting from the addition of a wing to. a body- tail con- 
figuration. This increment of d.rag contains not only the pure drag 
of the wing but also contains interference effects arising from 
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wine-tody interaction phenomena. Throughout the text of this paper, 
the incremental drag discussed aheve will he defined as "wing drag." 

A number of previous reports, typified by reference 1, have presented 
wing drag obtained from flight tests of winged models all having 
bodies of identical shape. In order to determine what effect a' 
change m the shape of the body of a winged model might have on wing 
drag, a series of tests have been conducted on winged models of 
different body nose fineness ratios. 


MODELS AND TESTS 


A photograph of a typical winged test model is shown in 
figure 1. The all-wooden bodies are approximately 5 feet long 
and of 5-inch. diameter. The fuselage is made hollow to accommodate 
the standard 3 •25-inch-diameter Mlc. 7 roolcet motor which 
develops 2200 pounds of thrust for 0.87 second at an ambient 
preignitipn temperature of 69 ° F. The stabilizing fins are rotated 
45° out of the plane of the wings. 

The seven configurations which have been tested are shown 
in figure 2. The three basic nose shapes are indicated as nose A, 
nose B, and nose C. Nose A has a blunt nose of 1.9^-inch radius^ 
nose B has a sharp nose of fineness ratio 3*5, the profile of 
which is the median of a conical and a circular arc profile} and 
nose C has a long sham nose of fineness ratio 7 derived by 
multiplying the axial coordinates of profile B by a factor of 2 . 

The untapered wings of all winged configurations were of 2.7 aspect 
ratio (based on total span and area) and of 0 ° and 45 ° sweepback. 

The NACA 65-009 airfoil sections were maintained normal to the 
leading edges • All wings had their centers of exposed area located 
on the bodies 3 diameters to the rear of the base of the nose. 

The location of the wing leading edge on the center line of the 
body i 3 given bv station L in the table in figure 2. 

The experimental data were obtained by launching the body at 
an angle of 7~° to the horizontal and determining its velocity 
along the nearly straight-line flight path. The velocity determina- 
tion is made nossible by a CW Doppler radar unit (AN/tPS- 5) 
located at the point of launching. Two models of each configuration 
were tested and the results of each are presented. Two additional 
models of configuration number 3 were flown to extend the Mach 
number range. A typical time history of flight velocity is shown 
in figure 3 . The deceleration due to drag is detennined by 
graphically differentiating the coasting (after burnout ) flight 
part of the velocity- time curve and subtracting g sin 9 , where g 
is the acceleration of gravity and 9 is the launching angle. 
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Drag is obtained "by multiplying the acceleration values by a factor 
equal to the ratio of the model weight to the acceleration of 
gravity. The drag coefficient Cp is derived from the general 
formula 



where D is the drag at the velocity V. The density p is 
determined from altitude— density soundings made prior to the 
firings. The symbol S is taicen as the basic-body frontal area 
(O.I 364 sq ft) . 


RESULTS AMD DISCUSSION 


As a means to determine the uniformity of the test results, 
five wingless test bodies of nose type B have been flown and the 
values of drag, corrected to standard conditions, are plotted 
against velocity in figure 4. The maximum experimental scatter 
from the mean— faired curve appears to be approximately ±10 pounds 
drag and is nearly constant with velocity. A statistical analysis 
of figure 4 made by personnel of the Langley Aircraft Loads Division 
indicated the following probabilities: 

(a) In 95 cases out of 100, comparable groups of five models 

will show no greater scatter than shown in figure 4 . 

(b) In 95 cases out of 100, the mean curve for groups of 

five models, two models, or one model will fall within 

±2, ± 3 ~, or ±4“ pounds, respectively, of the mean curve 
of figure 4. 

This study dealt only with the standard wingless body and, thus, 
the results are directly applicable to drag data from exactly 
similar bodies. The standard practice of firing two test models 
of each configuration, however, has resulted in only one case in 
which the scatter was greater than that shown in figure 4 , and 
the average scatter for all cases was about that of figure 4. Tnus, 
the accuracy data presented here may be considered applicable to 
all configurations tested. The scatter is probably attributable 
to model fabrication tolerances, instrumentation errors, and 
errors inherent in the method of data reduction. 
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Fi gure 5 shows drag coefficient plotted against Mach number for 
models of each coni iguration tested, with the exception of 
configuration number 6 which has been presented in reference 2. 
Faired curves have been drawn as the median of each set of models 
and these curves are used as the basis for the following discussion. 


Total Drag 

The curves of total drag coefficient for the nose B and the 
nose C winged bodies of 0° and 4-5® sweepback are presented in 
figure 6. At Mach numbers near 1.0, greater drag coefficients 
are evidenced for the winged body with nose C than with the 
blunter nose B; but the reverse is true at the higher Mach numbers. 
This reversal of effect occurs at a lower Mach number for the 
unswept wing than for the swept wing. It aopears, therefore, 
that the effect of sveepback is to increase the Mach number at which 
the total drag coefficient will decrease with an increase in nose 
fineness ratio. 


Body Drag 

Figure 7 shows curves of tody drag coefficient (fins included) 
for bodies with noses A, B, and C . The curves indicate that above 
a Mach number of approximately 1.05 body drag coefficient decreases 
with increasing nose fineness ratio and that the effect increases 
with Mach number. The reversal of effect at Mach numbers near 1.0 
is presently inexplicable and will bear further investigation . At a 
Mach number of 1.3, the drag coefficient of the blunt nose A model 
is decreased approximately 2 6 and 30 percent by increasing the 
nose fineness ratio to that of the nose B and nose C models 
respectively. ’ 


Ning Drag 

Figure 8 shows the variation of wing drag coefficient with 
Mach number for two values of sweepback, 0° and 45°, and for two 
nose types, nose B and nose C. The values of wing drag coefficient 
are derived as the difference between the drag coefficients for a 
winged and wingless model of the same nose type, and the values 
include possible interference effects. The wings of 0° and 4o° 
sweep show greater drag with nose C than with the blunter body 
nose B at Mach numbers close to 1.0. As the Mach number increases, 
however, the effect decreases for the swept wing and reverses in 
the case of the unswept wing. Thus, sweepback increased the 
value of the Mach number at which wing drag coefficient decreases 
with increasing nose fineness ratio. 
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Examination of the wing-drag- coefficient curves reveals that, 
throughout the Mach number range, sveepback provided a greater 
drag reduction on the blunter B-ncsed configuration than on the 
sharper C-nosed configuration . ■ For Mach numbers between 1.1 
and 1.25, 45° of sweep resulted in approximately 70- and 60-percent 
drag reduction for the short- and long-nosed configurations, 
respectively. 


CONCLUSIONS 


Within the scope of the tests, the following conclusions 
were noted: 

1. Values of wing drag derived in the presence of one body 
proved markedly different from those derived from the same 
wing on a body of different shape. 

2. For the winged configurations, an increase in the body 
nose fineness ratio resulted in an increase of total drag coeffi- 
cient near Mach numbers of 1.0 but resulted in a decrease of drag 
coefficient at higher Mach numbers. Wing sweep increased the 
Mach number at which the reversal of effect occurs. 

3. For the winged configurations, an increase in the body 
nose fineness ratio resulted in an increase of wing drag coeffi- 
cient for swept and unswept wings near Mach numbers of 1.0. At 
the higher Mach numbers, the effect decreased for the swept wing 
and actually reversed for the unswept wing. 

4. For the winged configurations, an increase in the body nose 
fineness ratio decreased the reduction of drag due to sweepback. 

5. For the wingless configurations, an increase in the body 
nose fineness ratio decreased the body drag coefficient. 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va. 
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Figure 1.- General arrangement of typical winged test body. 


CONFIDENTIAL 





CONFIDENTIAL 

Diameter 4.5£ 5.00 



Configuration 

Nose 

L 

(in.) 

A 

peg) 

b 

(in-) 

c 

(in) 

Aspect rat/o 

I 

B 

3209 

o 

25.73 

9 65 

Z.7 

z 

25.76 

45 

6.56 

3 

C 

3209 

o 

9.65 

* 

2576 

45 

6.63 

5 

A 

W/ng/ess 

6 

B 

7 

c 


NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 


CONFIDENTIAL 

F/gure 2. - Genera/ arrange went of test bod/es /'nvest/gatecf . W/ng area (exposed), 200 sg in. } a/rfo/t 
(norma/ to L F.) , NACA 6S-009 ; f /n area (exposed) , /36 .<F sg//?. ; we/g/?t (burnt oaf) , 30 //as appro a . 


DO 


NACA RM No. L7B19 Fig. 


Fig. 3 


NACA RM No. L7B19 




300 \ 


200 


S’ 

3 


Q' 


K 

Q 












cc 

r~ 

)NFID 

ENTI 

1“ 

AL 







































<s 

A 


§ 






















i 


- 

yt/\ 

e 





















<5 

A G 

A , 



) 





















<k 



1 

•> 

— 0— 



















t FH 




G 

— & 

— o— 
















S—g. 



G 

& i 

) 



















^ 



3 4- 

i 

o 






















□ 


o 


















Bo 

*y 

























o a 
a b 
o c 
A d 
□ e 





































































































NA 

COMM 

iTIONAI 
ITTEE F 

L ADVI! 
OB AERC 

SPRY 

•NAUTIC 

S 















CO 
l 

NFIDI 

ENTh 

1 

















<9 


Ve/oc'/ty , K, ft /ss<?c 

r/gurd? ^ - jDraf oyry^s Poy f'/y<? ^v//?g/^s3 6<x//<*o /?os^ B 

y<?o'ucc?c/ to *s<e< 2 -/£ > y<s>/ Jt< 2 /?o'(?/'o / co/?a'/2/<o/?s ■ 


0 


NACA RM No. L7B19 Fig. 4 



Fig„ 5 


NACA RM No. L7B19 


/.z 


/.o 


7-8 


\.6 




O 


/ 


































































c 

c/yf/yarat/o/? AVo. 

/ 














1 




/.O /./ /.2 /.S /-* 

/\SdCA> AS 


/.2 


/.O 


4* 

< 

£ 

| 

X- 4 

§ 

r 

o , 


7A% 

ya 

3~5 r 5 

°o^v 




rr 

5 






J 

If 





















































Oa/yf/yarat/e/? /Ye. 3 



















Mac/? /7///7?Aer, A/ 


A2 


AO 


r 

v? 


r 





A. 






















o 

Q — 

o 





t 



; v 













o 
























Co/pf/y/sroAAos? AAo 3 











Mac/? aa/aAcr, /if 


At 


A2 


AO 


<?■* 
$ 

^ .e 

.V) 

!• 




COI 

MFIDE 

NTIAL 






















/ 

tr 







































Co/yf/garat/a/? /V 

fe ^ 


















Vc? A A A2 A.3 At 

Mac A? aa/T/Acr, M 


At 

AO 


$8 

\ 

.$ 6 

!- 

$ 


O y 

A 2 



















O G 

—^r 




V 








































R 

1 

1 

7 . 0 - 



















AO A A A 2 AS A* 

Mac A casa/cr, M 


AAA 

$ 

,.S 

.i 

\ 














L 









































) 

















Co/? f/<?ara ///?/? AVo. 7 



CONFIDENTIAL 




'AO A A A2 A3 At 

Mac A /? a/7? Aar , M 

NATIONAL ADVISORY 
COMMITTEE FOA AERONAUTICS 


figure J7 - /Drag cooff/c/oot Oi?tc? for f/?c /aoc/o/s of oao/? 
coai f Ararat /os? t os toe/ a / /ff exco/?f/c/? e?f A/a. </?, 


* 


k 



T^oto/ c//^ez<j coo / ) f'/c/'eo/‘ , 


NACA RM No. L7B19 


Fig. 6 


CONFIDENTIAL 

k 



A/oo/? oao?/b or 9 As/ 


3. — 7a 7 /cl/ c/raj Co /A/c/oo t 
/or sv/yj^oc/ 00/7 / /y Tyro / / c>s> ^ o 7° /wo 
r?ooe ty/oos ss/'/A? loss ops ot° 0° 
and 4-S sweepbacA , aspect ratio of £.7. 


4 


Fig. 7 


NACA RM No. L7B19 



AZacA /?u/7? £><?/' , As/ 

7. — A3ocZg cZ/'c?^ ao ^ A A '/£?/<£*/? A 

Aor- three nose shapes . 


Wing drag aod=>/ ) /'/o/t > /)t , f? t 


NACA RM No. L7B19 


Fig. 8 


A 


> 


CONFIDENTIAL 



ATc ? <2/7 /?u/a 6 &r , AS national advisory 

COMMITTEE FOR AERONAUTICS 

Figure 8~ Wing drag coefficient for dings of 
0°and 4-5° sweep bach in presence of bodies 
of fy/o nose types , aspect ratio of 2 . t . 


4 


